The effect of different anaesthetic mask shapes on the anatomical dead space using infant, child and adult part-task trainers by Botes, L et al.
The effect of different anaesthetic mask shapes on the anatomical dead space
using infant, child and adult part-task trainers
L Botesa, J Jacobsa, R Rademeyera, S Van der Merwea, L Van Heerdena and BJS Diedericksb*
aSchool of Medicine, University of the Free State, Bloemfontein, South Africa
bDepartment of Anaesthesiology, University of the Free State, Bloemfontein, South Africa
*Corresponding author, email: diedericksbjs@ufs.ac.za
Dead space is the portion of tidal volume that does not participate in alveolar gas exchange. The purpose of this study was to
compare the dead space contribution of differently shaped masks, of the same size, by measuring the volume of each mask.
The study was conducted in the Clinical Simulation Unit of the School of Medicine, University of the Free State (UFS) using
formed masks with inflatable polyvinylchloride (PVC) cuffs and rounded masks with non-inflatable PVC cuffs. The masks
were placed on the faces of the infant, child and adult part-task trainers as well as on a flat surface. The cuffs of the formed
masks were inflated to 5 cm water and 70 cm water. Masks were filled with water and the volume was measured.
The volumes (ml) of the masks on the flat surface were significantly larger than those measured on the part-task trainers’ faces.
The volume of the roundedmasks was greater than the volume of the formedmasks. The amount of cuff inflation pressure (5 cm
water vs. 70 cm water) did not lead to a significant change in mask volume: 102.3 ml (standard deviation [SD] 75.9) vs. 110.2 ml
(SD 82.3), averaged for all sizes.
Formed masks contribute less to anatomical dead space than rounded masks and are thus possibly the better choice. Cuff
inflation pressure has insignificant influence on dead space volume.
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Introduction
Dead space is the volume of air that does not participate in
alveolar gas exchange during ventilation.1 During normal res-
piration, in a resting state, physiological dead space is
present. Physiological dead space consists of anatomical and
functional/alveolar dead space. In a normal person, the physio-
logical and anatomical dead space are approximately equal.
Functional dead space from alveoli with little or no blood
supply is negligible. During administration of anaesthesia, the
dead space is affected.2 It is important to minimise dead
space for the prevention of re-breathing that will result in
hypercarbia, especially in infants and children. The most
common result of an increase in physiological dead space is
an increase in the concentration of the partial pressure of
carbon dioxide (PaCO2), which will increase acidity of blood
and decrease the pH level. In order to compensate for the
increase in dead space, minute volume must be increased to
maintain a normal PaCO2.
3 With large anatomical dead space
neither increased gas flow nor increased minute volume may
be enough to prevent re-breathing.
Different factors contribute to the increase in dead space during
the administration of anaesthesia: the volume contributed by a
mask, an artificial airway, and the position of the head. Age
also has an effect since infants and children have smaller
alveoli and chest wall collapse may reduce anatomical dead
space if negative intrathoracic pressures are reduced.4 In a
normal healthy person, dead space can be estimated at 1 ml/
pound (2.2 ml/kg) of body weight, but that has been shown to
be inaccurate.5 The dead space to tidal volume ratio in healthy
lungs is constant at about 0.3. An increase in total dead space
is more critical in infants than in adults because children have
smaller tidal volumes.2 Thus, any contribution to the amount
of dead space is important and should be minimised as it may
lead to serious consequences, such as hypercapnia, dysrhyth-
mias and even cardiac arrest.
At the Bloemfontein Academic Hospital Complex, formed masks
with an inflatable polyvinylchloride (PVC) cuff and round, domed
masks with a non-inflatable PVC cuff are used. Domed masks
may be easier to manufacture and are without an inflatable
cuff, making them cheaper. Inflation of the cuff may increase
or decrease the mask’s dead space. According to Smith’s
Anesthesia for Infants and Children,2 paediatric face masks
should be constructed with clear plastic that allows inspection
for cyanosis and should also fit the face without a leak. Various
types of face masks are available, but the most commonly
used is the plastic disposable mask that contains an inflatable
cuff. The appropriate size mask should rest on the bridge of
the nose and extend to the mandible.2 During anaesthesia,
dead space should be limited for the reasons already
mentioned.
Aim
The aim of this study was to measure and compare the contri-
bution made to anatomical dead space by formed and
rounded masks of similar sizes (Supplementary figure 1) in
order to determine which type of mask contributes the least
volume. An additional objective was to determine the effect of
cuff inflation pressure on the volume of formed masks.
Methods
This was an experimental study. The study was done using the
infant, child and adult part-task trainers in the Clinical Simulation
Unit of the School of Medicine, University of the Free State (UFS).
No patients were involved in the study.
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Two types of masks were used: formed masks with inflatable
PVC cuffs and rounded masks with non-inflatable PVC cuffs.
These types of masks, provided by the Department of Health,
are used at the Academic Hospital Complex, Bloemfontein.
The formed masks came in six sizes (00, 02, 04, 06, 08 and 10)
and the rounded masks in three sizes (00, 02 and 04). At the
time of the study, the three adult-sized rounded masks were
no longer being produced.
Different scenarios were created to measure the volume of the
six different-sized formed masks. The cuffs of the formed
masks were inflated to 5 cm water (resulting in a soft air-filled
cushion) and 70 cm water (resulting in a firm stiff cushion),
respectively. Pressure was measured with an aneroid cuff inflator
device. The mask volumes were determined while the formed
masks were pressed on the part-task trainers’ faces and again
on a flat surface. Because of the standard stiff cuff of the
rounded masks, adequate fit could not be attained. Even with
excessive force, mask leak could not be prevented. Thus, mask
volume for the rounded masks was only determined using a
flat surface. The formed masks fitted watertight to the part-
task trainers without the need for much force.
Measurements
The nasal and oral openings of the three part-task trainers were
sealed with a temporary putty-like adhesive to improve the
accuracy of the measurement. The volume was determined
while the mask was on the part-task trainer’s face to account
for factors such as the volume of the nose and lips. External
pressure was applied to the masks for the measurements on a
flat surface.
The masks were filled to the rim with water from a volumetric
flask using different-sized syringes with a specific volume of
water. The volume inside the mask was determined by subtract-
ing the remaining volume in the volumetric flask from the orig-
inal volume.
The volume of each mask was measured by three student
researchers under the supervision of the study leader. The
results were recorded on a data sheet.
Pilot study
A pilot study was done using the infant part-task trainer in the
Clinical Simulation Unit of the School of Medicine, UFS, to
check the methods and instruments. Three student researchers
each measured sizes 02 and 04 masks, which are appropriate for
use on an infant, thus measuring the volume of the formed and
rounded masks in the different scenarios. During the filling of
the masks with water, different methods of sealing the masks
to prevent leakage were tested. The putty-like adhesive and
external pressure were the methods that resulted in no
leakage. The data from the pilot study were included in the
main study.
Data analysis
The results were entered into an Excel® spreadsheet (Microsoft
Corp, Redmond, WA, USA). The mean of the three values from
the three different students was used to improve the accuracy.
Results were summarised by means and standard deviations.
Paired t-tests were used to compare mask types, with signifi-
cance level set at 5%. Masks of the same size were compared
in terms of volume, thus for the three largest sizes only
formed masks were compared, whereas the rounded and
formed masks were compared for the three smaller sizes.
Ethical aspects
The study was approved by the Health Sciences Research Ethics
Committee (HSREC), UFS [HSREC-S 25/2016]. Permission was
obtained from the Clinical Simulation Unit, School of Medicine,
UFS, to use the facility and its part-task trainers.
Results
Table 1 gives the volumes of different formed mask types and
sizes on the part-task trainer’ faces and on the flat surface. The
volumes (ml) of the masks on the flat surface were significantly
larger than those measured on the part-task trainer’ faces (5 cm
p-value = 0.02; 70 cm p-value = 0.01). Masks with cuffs inflated to
70 cm water had a larger volume than masks with cuffs inflated
to 5 cm water, but not significantly so (on part-task trainer
p-value = 0.07; flat surface p-value = 0.16).
Table 2 gives the volumes of the rounded masks for the three
sizes for which these marks were available, as well as for the cor-
responding formed masks.
The volume of the rounded masks was more than the volume of
the formed masks (Table 2), but not significantly so (p-values
ranging from 0.14 to 0.25).
Discussion
Mask on face compared with mask on a flat surface
As expected, the volume of the nose, lips and facial contours has
a significant influence on the volumes by decreasing the
volume.
Cuff of formed mask inflated to 5 cm water compared
with 70 cm water
The difference between the volumes of a formed mask inflated
to 5 cm water compared with a formed mask inflated to 70 cm
water was not large enough to be statistically significant.
Though the formed masks fit well on the face (or part-task
trainer), the slightly greater pressure needed for a tight fit with
higher cuff inflation pressures may decrease dead space for
that mask.
Rounded masks compared with formed masks
The volume of the rounded masks was greater than the volume
of the formed masks (but without statistical significance). This is
Table 1: Volumes of different mask sizes of formed masks on the faces of
the part-task trainers and on a flat surface
Size
On the part-task trainers
(ml) Flat surface (ml)









00 20 20 24 26
02 30 32 44 44
04 66 66 94 96
06 130 148 187.5 204
08 158 175 205 213
10 210 220 228 280
Mean 102.3 110.2 130.4 87.7
SD 75.9 82.3 143.8 103.0
SD = standard deviation.
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expected, as the formed masks are designed to fit the face
contour closer and consequently have a smaller volume, thus
making a smaller contribution to dead space. The cuff of the
rounded masks cannot be inflated, which likely makes manufac-
ture simpler and cheaper. As the unyielding cuff of the rounded
mask makes a tight fit more difficult, the pressure necessary in
attempting to improve fit may reduce dead space. On the
part-task trainers, a tight fit could not be established for the
rounded masks, but it may be possible on the softer facial
tissue of a child. However, in practice, one would avoid pressing
down hard with a mask, which may increase a feeling of claus-
trophobia and may cause tissue damage.
Study limitations
The sample size was smaller than planned because the three
adult-sized rounded masks were no longer being produced.
Only three sizes of the rounded masks were available.
To achieve an effective seal between the mask and the surface
on the part-task trainers’ faces, an external force had to be
applied. This decreased the volume of the mask, especially in
the rounded masks, to the extent that readings would be unreli-
able if they were taken on the part-task trainer’s face; therefore,
rounded mask measurements were only taken on a flat surface.
Water was used instead of air to measure dead space.
Since only a limited number of masks (one of each size) were
tested, differences in manufacturing quality could not be
detected. A further study may investigate the quality and
reliability of masks supplied to the hospital.
Conclusions
Applied external force decreases the volume of the mask.
Formed masks contributed less to dead space than rounded
masks. Inflation pressure of plastic cuffs has, on average, insignif-
icant effect on dead space volume.
Recommendations
. Apply a standard amount of force in each measurement
as external force applied has an influence on the
measurement.
. The difference between the volume of inflation to 5 cm of
water on face vs. 70 cm of water inflation on face, which
was close to significant in this study, could be researched
in future studies.
. A larger number of the same-sized marks could be investi-
gated for consistency of findings.
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Table 2: Volumes of different mask sizes of formed masks on the faces of the part-task trainers and on a flat surface, compared with rounded masks of
similar sizes on a flat surface
Size
On the part-task trainers (ml) Flat surface (ml)
Formed mask, inflated Formed mask, inflated Rounded mask
5 cm water 70 cm water 5 cm water 70 cm water
00 20 20 24 26 25
02 30 32 44 44 52
04 66 66 94 96 102
Mean 38.7 39.3 54.0 55.3 59.7
SD 24.2 23.9 36.1 36.4 39.1
p-value* 0.14 0.15 0.14 0.25
SD = standard deviation.
*Comparison with rounded mask.
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